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PREFACE

This report was prepared by Jaclyn A. Baron, graduate assistant, and
Daniel R. Lynch, Assistant Professor, Thayer School of Engineering,
Dartmouth College. The report is Part III of a three—part series,
“Optimization Model for Land Treatment Planning, Design and Operation.”
Part I of the series (Baron et al. 1983a) provides background information
and a review of the land treatment optimization literature. A case study
illustrating methods, results, and sensitivity analysis is presented in
Part I1 (Baron et al., 1983b). Details of the principal mathematical model
and its realization in computer form (LTMOD) are presented in this part.

This work has been supported by the U.S. Army Corps of Engineers under
CWIS 31732, Land Treatment Management and Operation. This report was

technically reviewed by Dr. A.0. Converse and Dr. T.J. Adler of the Thayer
School of Engineering, Dartmouth College.

The contents of this report are not to be used for advertising or
promotional purposes. Citation of brand names dces not constitute an

official endorsement or approval of the use of such commercial products.
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OPTIMIZATION MODEL FOR LAND TREATMENT PLANNING, DESIGN AND OPERATION
PART III. MODEL DESCRIPTION AND USER'S GUIDE

Jaclyn A. Baron and Daniel R. Lynch

INTRODUCTION

LTMOD is a Fortran—-coded model that generates optimal combinations of
design and monthly operating parameters for slow-rate land treatment of
wastewater systems with a given quantity of incoming effluent., It is a

generalized formulation of the models developed in Evaluation of Design and

Operating Options for Slow-Rate Land Treatment Systems in Cool/Humid Areas
(Baron 1981).

LTMOD consists of a main program, which coordinates several input and
output files, and a subroutine containing a set of equations representing
the physical relationships, the groundwater quality constraints, and the
objective function of the land treatment system. These equations are
coupled with additional subroutines comprising a generalized reduced-
gradient, nonlinear programming algorithm. User input is required for 1)
parameters of the LTMOD equations--wastewater influx, physical constants,
desired environmental gquality, and design objective for the site, and 2)
properties of the optimization procedure, including constraint types,
variable bounds, an initial solution point, and various tolerances within
the algorithm. Together, these two input types define the physical systenm,
the operating options, and the feasible solution space.

This report defines the model capabilities and underlying assumptions,
presents an overview of the model structure, details the LTMOD equations
and their parameters, discusses the procedure for running the model, and
includes a sample problem and results. Input for the optimization
procedure is described only when it is important that it be consistent with
the LTMOD equations. Additional options and detailed formatting specifica-
tions for input for the optimization procedure are in the GRG2 User's Guide
(Lasdon et al, 1978), with which this manual should be used.

MODEL CAPABILITIES AND UNDERLYING ASSUMPTIONS

LTMOD recognizes the dual nature of the land treatment process whereby
nitrogen in the effluent is removed by biological, physical and chemical
processes In both the storage facility and in the soil-crop system. The
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Figure 1. Land treatment design
alternatives.

resultant design tradeoff between storage capacity and irrigation area is
the fundamental issue behind the model. A general representation of the
full set of design alternatives is shown in Figure 1. The feasible design
options are bounded by 1) AO, the minimum area to which effluent can be
applied to avoid ponding (based on the drainage properties of the site), 2)
SO, the minimum storage capacity required to hold effluent during the
months when application is not permitted, and 3) combinations of irrigation
area > A0 and storage capacity > SO that are just sufficient to meet the
groundwater quality constraints., The lowest cost designs lie along or at
the ends of segment O, at the edge of the feasible region. Based on the
potential for renovation of the effluent nitrogen in storage and on the
land and the permissible nitrogen concentration in the groundwater under-
lying the site, LTMOD may be used to satisfy one of three design
objectives:
1) Find the minimum required effluent storage facility capacity S
that is associated with a given irrigation area A where A > AO.
2) Find the minimum required irrigation area A that is associated
with a given effluent storage facility capacity S where S > SO.
3) Find the minimum required irrigation area A0 and the minimum
effluent storage facility capacity Spo assoclated with this
area.
The quantity of nitrogen removed from the effluent in storage and on
the land (and in the system as a whole) depends on dynamic processes and
thus on the operating characteristics of the site. Operating decision

variables include the volume of effluent stored, the volume of effluent




applied to the irrigation area from storage, and the volume of effluent
that bypasses the storage facility for each month throughout one year of
operation. Additional system operating properties, which follow from these
controllable operating decisions, include the drainage from the site, the
nitrogen concentration in the percolate, the nitrogen concentration in
storage, and crop nitrogen uptake for each month.

The LTMOD equations explicitly or implicitly include certain assump-
tions that delineate the type and properties of the system to which the
model may be applied. Specifically, it must be a single-crop system in a
cool and/or humid area, and the groundwater nitrogen concentration must be
the limiting environmental concern.

The model assumes that a single crop 1s grown on the entire irrigated
site, that the cropped area is equal throughout its growing season, and
that the entire area is evenly irrigated. The planting and harvesting
regime 1is exogenously fixed.

The model is for a cool and/or humid area. The mass balances by which
the drainage from the site is calculated are independent for each month and
do not provide for changes in the soil moisture content, It is assumed
that the soll is always kept at or near field capacity. It follows that
sufficient soll moisture is available to the crop at all times to avoid
water deficit and stress. Crop moisture uptake is assumed to be inde-
pendent of effluent application and to equal the potential evapotranspira-
tion rate in each month,

Groundwater nitrogen concentration is assumed to be the limiting
environmental consideration. Nitrogen is the only system contaminant
explicitly modeled. The concentration of nitrogen in the percolate from
the site may be constrained on an annual and/or monthly basis. Nitrogen
removal in the storage facility 1s represented by an overall monthly
first-order reaction constant. Monthly crop uptake is represented by
exponential functions of the nitrogen available to the crop. The monthly
nitrogen mass balances are interdependent and allow for the soil storage
and release of applied nitrogen in succeeding months that has been
observed, especially during winter application of effluent at experimental
sites. This is accomplished by estimating the percentage of the nitrogen
in the soil system that 1s leached in each month (not including native soil

nitrogen, which is assumed to remain constant).
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OVERVIEW OF MODEL STRUCTURE

The model consists of the sections shown in Table 1. Figure 2 shows
the interactions between the model components. The main program allocates
memory and numbers the input and output files. It calls subroutine GRG,
which is part of the GRG2 file, where the optimizing process occurs. The
INPUT and DEFINE files are read in the DATAIN subroutine and GCOMP is
called upon as needed. The PARAM file is read by GCOMP on the initial
iteration. The output is sent to the file specified for this purpose by
various subroutines in the GRG2 program.

The LTMOD, GRG2 and DEFINE files must be available and accessible on
the cata processing system. The GRG2 file, the DEFINE file and the GCOMP
portion of the LTMOD file are used as they are; the MAIN program may
require modifications pertaining to the allocated memory and file

numbering, depending on the type of system for which the model is used.

Table 1. LTMOD files.

File Name Contents
LTMOD Main program and subroutine GCOMP (land treatment equations).
GRG2 Nonlinear optimization algorithm subroutines,
DEFINE Names of LTMOD functions and variables for labeling output.
PARAM Parameters of LTMOD equations.
INPUT Variable and function types, variable bounds and options for
optimization procedure.
OUTPUT Output file of intermediate information and results.
LTMOD GRG2
Ir_——_—} T |
— |
| MAIN —t i GRG
| | | ]
[Comomn = peffocowe ey |

Figure 2. Model components and their interactions.




The INPUT and PARAM files are supplied by the user. All files may be

arbitrarily named.

LTMOD FILE
The generalized land treatment formulation contailned in subroutine

GCOMP in the LTMOD file consists of 85 functions comprising the systenm

constraints, an objective function, and 7 calculations of auxiliary system !
properties that are not included in the optimization process. The func- é
tions Iinclude 85 decision variables and 160 parameters. GCOMP need not be
modified by the user; however, an understanding of the land treatment
equations 1is necessary to develop the user—supplied PARAM and INPUT files
and to interpret the model results. A schematic of the system, including
the major variables and parameters, is shown in Figure 3. Below, the 93
individual equations are described, using the equation numbering scheme
G(1) through G(93) that is used in the GCOMP code.

Note that continuous multiyear operation of the system is assumed, and
thus all variables defined at the end of month 12 are required to be
identical to those at the beginning of month 1. Any occurrence of the

subscript 0 implies the subscript 12.

Nitrogen Crop mitrogen
renovation uptake
—————— ———— -
NK, W NU,
Ettluent Applied
influx effluent
I, NI, Storage O,. NCA, Irngated
o facility system
Si. NC, A
B, D,. ND,
Etfluent bypass Drainage

Figure 3. Simplified schematic of a land treatment
system. Varlables are defined in the text.

LTMOD Constraints

Equations G(l) - G(12) represent the monthly mass balance of water in

storage:

0 +B *+s -8 _, +(E - Pk)-max(Sl «+8,,)/DP = L.
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where the decision variables are
O = volume of effluent applied from storage in month k
Bk = volume of effluent applied which bypasses storage in month k
Sk = storage volume at end of month k
and the parameters are
Ex = evaporation volume in month k per unit area
Py = precipitation volume in month k per unit area
DP = depth of storage facility (design depth at maximum volume)
Iy = incoming effluent volume in month k.
Equations G(13) - G(24) represent the monthly mass balarnce of water at the
irrigation site:

lsFFk-(Ok + Bk) + (Pk - wk) A - Dk =0 (2)

where the decision variables are

Ok = volume of effluent application frowm storage in month k

By = volume of effluent application which bypasses storage in month
k

A = 1rrigation area

Dy = volume of percolate from site in month k

and the parameters are

EFFg = irrigation efficiency in month k including runoff

Pk precipitation depth in month k
Wk = crop water uptake in month k (depth).
i Equations G(25) - G(36) require that the soil drainage capacity in each

| month must not be exceeded:

MDR <A - D >0 (3)

where the decision variables are
A = irrigation area
Dy = volume of percolate from site in month k
and the parameter is
MDRy = soll drainage capacity in month k (depth).
Equations G(37) - G(48) represent the monthly mass balance of nitrogen at
the irrigation site:

1/FNL «(ND ) - (1 - DeN ) -[0, -NCA, + B, NI, + (1 - FNL, ,)/FNL, _ <ND __ |

k k Tk 1 k-1

, + ANU =0 4)
i k




where NCAp, the average nitrogen concentration in storage in month k, is

approximated as

NCAk (ch-s + NC. S )/(S, +S ) . (5)

k-1 k-1 k k-1

The decision variables are
NDg = mass of nitrogen leached to groundwater to month k
Ok = volume of effluent application from storage in month k
NCyx = nitrogen concentration in storage at end of month k
Sk = storage volume at end of month k
By = volume of effluent application which bypasses storage in month
k
A = irrigation area
NU, = crop nitrogen uptake in month k (mass/area)
and the parameters are
FNLy = fraction of soil system nitrogen imbalance leached in month k:
NDg = [FNLy/(1-FNLj)])+NSS;, where NSS; is the nitrogen

stored in the soil system at the end of month k

(1-FNLyg) = fraction of soil system nitrogen imbalance retained in soil
storage at the end of month k 5
DeNy = fraction of nitrogen in soil system lost through
denitrification and volatilization in month k
NIy = nitrogen concentration of incoming effluent in month k.

Equations G(49) - G(60) describe the monthly crop uptake of nitrogen,
represented as an exponential function of the nitrogen applied. 1Its basic

form is

NUk = CPk-MNUk-[l - EXP(-b/MNUk)] (6)

where b, the nitrogen available to the crop per unit land area is
= . + . + - * .
(NI -B + NCA -0 + (1 - FNL__ )/FNL . ND__ 1/A (7
Substitution for NCAx and rearrangment yields

NUk - CPk *MNU {l - EXP[}E— NIk-B -1 - FNL )/FNL -ND ] (S + Sk 1)

k-1
= 0 (NC_+S_+ NC__ S )>/[(s + S | )eA. MNUk]] } (8)

© et ammrtre m—— -




NUk
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The decision variables are

crop nitrogen uptake in month k (mass/area)

volume of effluent application which bypasses storage in month
k

mass of nitrogen leached to groundwater in month k

storage volume at end of month k

volume of effluent application from storage in month k
nitrogen concentration in storage at end of wmonth k

irrigation area in month k

and parameters are

maximum crop nitrogen uptake in month k (mass/area)

nitrogen concentration of incoming effluent in month k

fraction of soil system nitrogen imbalance leached in month k

1 1f crop is grown in month k, = 0 if it is not. CPy must

also be set to zero if crop does not take up nitrogen in a month

of growth.

Equations G(61) - G(72) represent the monthly mass balance of nitrogen in

storage:

+ ) «B = « N 9
wlk 5 I 1 9

where S4,, the average storage volume in month k is:

SA, = (S +s _)/2 . (10)

Substituting for NCAp and SAgx and simplifying terms yields:

NCk-Sk -

NC

1
t7

0, (NC S + NC, _ oS _)/(S + S )

. +
k-1 Sk—l k k-1 k-1

NK, +(NC +S, + NC,_,*S, ) + NI +B = NI .I, (1)

The decision variables are
NCkx = nitrogen concentration in storage at end of month k

Sk = volume of storage at end of month k

Ok = volume of effluent application from storage in month k

By = volume of effluent application which bypasses storage in month

k




and the parameters are
NKx = percentage of nitrogen removed in storage in month k
N1k = nitrogen concentration of incoming effluent in month k
Iy = incoming effluent volume in month k.
Equation G(73) enforces the annual percolate nitrogen concentration

constraint.

NCQ-jD_ - JMD, > 0 . (12)
k k

The decision variables are
Dk = percolate volume from site in month k
NDg = mass of nitrogen leached to groundwater in month k
and the parameter is
NCQ = maximum permissible annual average nitrogen concentration in
the groundwater.
Equations G(74) - G(85) enforce the monthly percolate nitrogen

concentration constraint:

NCQM-Dk - NDk >0 . (13)

The decision variables are
Dk = percolate volume from the site in month k
NDy,

and the parameter is

mass of nitrogen leached to groundwater in month k

NCQM = maximum permissible monthly nitrogen concentration in the

groundwater in month k.

LTMOD objective function

Equation G(86) states the objective:
Minimize [OA+A + OB+MAX(S] ...Sj2)] (14
where the decision variables are
A = irrigation area
Sk = storage volume at the end of month k.
Varying the values of the parameters OA and OB enables a choice of three
objectives:
1) To minimize the irrigation area with a given storage capacity,
set OA =1 and OB = O,
2) To minimize the storage capacity with a given irrigation area,
set OA = 0 and OB =1,




1) To min{wize the irrigation area based on hydraulic properties of
the site and to find the minimum required storage associated with
this area, set OA =1 and OB = fractional value ensuring that the
storage term in the objective function 1is less than the area term
at all times 1in the optimization procedure.

It is essential that the classification and bounds on the storage and

area decision variables in the INPUT file (see below) be consistent with
the choice of objective.

LTMOD additional calculations

Equations G(87) - G(93) represent auxiliary calculations concerning
the system size and the various renovation processes. The mass of nitrogen

removed in the storage facility is calculated in G(87):

G(87) = YNK, « (NC S, + NC )/2 (15)

*S
K k k 'k k=1 k-1

while the percentage of nitrogen removed in storage is calculated in G(88):

G(88) = G(87)/T(NI ). (16)

o1
K k k

Equations G(89) and G(90) calculate the comparable mass— and percentage-

removal figures for the crop:

G(89) = A+)NU (17)
k
k
G(90) = G(89)/](NIL -T ). (18)
k

Equation G(91) calculates the total mass of nitrogen removed by the two

processes:
G(91) = G(87) + G(838) (19)

while G(92) gives the overall nitrogen removal percentage:

G(92) = G(91)/E(N1k-1k). (20)

Finally, the maximum weekly wastewater application rate is computed in eq
G(93):

G(93) = MAx(ol ...012)/(4.3 A). @2n

10




PARAM FILE
The PARAM file contains the parameters for the LTMOD land treatment

equations and is supplied and named by the user. A total of 160 parameter
values must be specified. The file must consist of 26 lines with 6 values
on each and a 27th line with 4 values. The values are input in fields of
10 and are formatted F10.6. They are inserted in the order shown in Table
2.

Table 2. Order of input for parameter values. The GRG2 User's Guide
(Lasdon et al, 1978) states that best results are obtained when the
absolute values of the problem functions are less than 102, SO parameters
should be scaled accordingly.

Lines Parameter
1 and 2 1(12) Incoming effluent in each month (volume).
3 and 4 P(12) Precipitation in each month (depth).
5 and 6 E(12) Evaporation in each month (depth).
7 and 8 W(12) Crop water uptake (PET) in each month (depth).
9 and 10 MRD(12)  Soil drainage capacity in each month (depth).
11 and 12 NI{12) Nitrogen concentration of incoming effluent in each
month {(mass/volume).
13 and l4 NK(12) Percentage of nitrogen removed in storage in each
month.
15 and 16 DeN(12) Fraction of nitrogen in soil lost through
denitrification and volatilization in each month.
17 and 18 cp(12) Growth/no growth indicator for crop in each month (0.0
or 1.0).
19 and 20 MNU(12) *Maximum potential crop nitrogen uptake in each month
(mass/area).
21 and 22 FNL(12) +Fraction of nitrogen in soil leached in each month.
23 and 24 NCQM(12) Maximum permissible nitrogen concentration in percolate
in each month (mass/volume).
25 and 26 EFF(12) Irrigation efficiency in each month,
27 NCQ Maximum permissible annual average nitrogen
concentration in groundwater (mass/volume).
27 0A Objective function area term coefficient (0.0 or 1.0).
27 OB Objective function storage term coefficient, 0.0 < OB £
1.0,
27 DP Depth of storage facility.

*If the crop is not grown in month k, MNUy should be set to some arbitrary
positive value to avoid division by zero.

+The fraction of nitrogen leached in each month must be set to a positive value
t.o avoid division by zero.

11




INPUT FILE
The input file is supplied and named by the user. The file must be
‘ consistent with the instructions and format specifications in the GRG2
User's Guide, Section 5. The required parts of this file are:

1) Line 1 (Number of variables and functions).

2) ROWS section (Function type and right-hand sides).

3) BOUNDS section (Variable type and bounds).

4) INITIAL section (Initial values of decision variables).

5) FUNCTION and VARIABLE section titles. (Title lines only, in this
order. The remainder of these sections is read from the DEFINE
file.)

The user may wish to reduce or expand the level of printout, reduce

computation time, or improve performance by activating additional options

discussed in the GRG2 User's Guide, Section 5.

The required sections are discussed in detail below. A portion of the
data will be identical for any run using the LTMOD model. The user should
note which inputs are fixed (indicated with an asterisk) and which depend

on the particular application.

Line |
The number of variables is 85*%, and the number of functions is 93%,

Neither of these numbers may be modified by the user.

ROWS section
For each of eq G(1) - G(93) the equation type must be specified
according to the following letter code:

E indicates an equality constraint,

G indicates a “"greater than or equal to" constraint,

0 indicates the objective function,

N indicates a constraint that is ignored in the optimization.

Table 3 indicates the proper choice of type code as well as the proper
value for the right side of each equation. Only eq G(73)-G(85), which deal
with the form of the environmental constraints, require user decisions with
respect to equation type. Equation G(73) is set greater than or equal to
zero (G) Lf the nitrogen concentration in the percolate is to be
constrained on an average annual basis, and ignored in the optimization

procedure (N) if it is not. Likewise, eqs G(74) - G(85) are set greater

12
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Table 3. Function types and right sides for ROWS section of input file.

| Function Type Right side

f G(1)-G(12) E* Lt
G(13)~G(24) E* 0.0%
G(25)-G(36) G* 0.0*%
G(37)~-G(48) E* 0.0*
G(49)-G(60) E* 0.0%
G(61)-G(72) E* NI« Ix
G(73) G or N 0.0%
G(74)-G(85) G or N 0.0%
G(86) o* - %
G(87)-G(93) N* - %

*These inputs are fixed.
+Ik = incoming effluent in month k (volume),
NIy = nitrogen concentration of incoming effluent in month k (mass/volume).

than or equal to zero (G) if the nitrogen concentration in the percolate is
to be constrained on a monthly basis, and ignored in the optimization
procedure (N) if it is not,

BOUNDS section

The variable types and bounds depend heavily on the particular
application. The assignment of variable bounds describes physical
constants and constraints of the land treatment system that are not
addressed by the system parameters and defines the operating options that
may be considered in the search for an optimal solution. 1t is important
that variable bounds be consistent with the system parameters. This
section includes definitions of the 85 LTMOD decision variables and some
guidance for assigning types and bounds. As in the ROWS section, a letter
code signifies the type of bounds on each variable:

E indicates that the variable is fixed at a given value,

G indicates that the variable must be greater than or equal to a

given value,

R indicates that the variable is restricted between two given

values.

X(1): Irrigation area A. If the objective is to minimize the irri-

gation area with a given storage capacity (0OA = 1, OB = 0) or to minimize
the irrigation area based on hydraulic properties of the site and find the

minimum required storage associated with this area (0A = 1, 0B = fractional
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value), then set X(1) greater than or equal to (G) zero. If the objective

is to minimize the storage capacity with a given irrigation area (0A = 0,

OB =1) then set X(1) as a fixed variable (E) at the area of interest.
X(2)-X(13): Storage volume at the end of each month Sy. The

storage volume at the end of each month must be higher than some small
positive value to avoid division by zero. 1f the objective is to minimize
the irrigation area with a given storage capacity (0A = 1, OB = 0), then
set X(2)-X(13) as restricted variables (R) between the small positive value
and the storage capacity of interest. The model solution will always
contain at least one storage volume that is equal to this storage capacity.

If the objective is to minimize the storage capacity with a given
irrigation area (0OA = 0, OB = 1) or to minimize the irrigation area based
on hydraullc properties of the site and find the minimum required storage
assoclated with this area (0A = 1, OB = fractional value), then set
X(2)-X(13) as greater than or equal to (G) variables with a lower bound of
the small positive value.

X(14)-X(25): Monthly effluent application from storage Op. Monthly

effluent applications should be set to be greater than or equal to (G) zero
in the months when application 1s permitted when irrigation capacity 1is not
a concern, and as restricted variables (R) between zero and the irrigation
capacity if appropriate. Effluent application is permissible in months
when crops are not grown. In months when effluent application is not
permitted due to climatic considerations, the effluent application
variables should be fixed (E) at zero.

X(26)-X(37): Monthly percolate from site Dx. Monthly percolate

variables should be set greater than or equal to (G) zero in all months.

X(38)-X(49): Nitrogen concentration in storage at end of each month

NCkx. Nitrogen concentration in storage should be set greater than or

equal to (G) zero in all months.

X(50)-X(61): Monthly crop uptake of nitrogen NUyp. Crop uptake of

nitrogen can be set greater than or equal to (G) zero in all months. In
months when crops are not grown in nitrogen, uptake is fixed at zero by the
CPyi parameter.

X(62)~-X(73): Monthly quantity of nitrogen leached to the groundwater

NDig. The quantity of nitrogen leached variables should be set greater

than or equal to (G) zero in all months.

14




X(74)-X(85): Monthly effluent application which bypasses storage

Bk. If bypassing the storage facility is an operating option, the bypass

variables should be restricted (R) between a lower bound of zero and an
upper bound of Iy, the incoming effluent volume in each month when appli-
} cation is permitted. 1If bypassing storage is not a viable option, the
bypass variables should be fixed (E) at zero.

INITIAL section

Initial values of the decision variables must be chosen for each model
run. The initial solution point need not be feasible; however, 1if the
initial point is poor, a feasible solution may not be reached and either
the problem will be declared infeasible or various error messages (size,
division by zero) will be generated. LTMOD is particularly sensitive to
the relative values of the irrigation area and the effluent storage
capacity; it 1s relatively insensitive to the initialization of the other
decision variables as long as they are within reason. If the program does
not complete the run, modify the initial irrigation area X(1) when
minimizing the area with a given storage capacity, or modify the initial
storage volumes X(2)-X(13) when minimizing the storage capacity with a
given 1irrigation area, and try again.

Depending on the initial solution, the global optimum may not be
reached for reasons that are discussed in the GRG2 User's Guide (Lasdon et
al. 1978). 1If the final irrigation area or maximum storage volume 1is less
than the initial point, it is a good idea to check that it is indeed the
minimum requirement by lowering the initial estimate to below this value
and rerunning. Another possible check that the solution is optimal is by
comparison; run several cases around the point of interest and check that
none of the solutions is out of line.

A reasonable initialization procedure is:

1) Distribute the effluent application X(14)-X(25) evenly over all
the months in which it is feasible and set it to zero for the
remaining months.

2) Set the drainage volume in each month X(26)-X(37) equal to the
effluent application.

3) Calculate the nitrogen leached in each month X(62)-X(73) by
multiplying the drainage volume by the maximum permissible
nitrogen concentration in the percolate (NCQ or NCQM).
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4) Set the nitrogen concentration in storage in each month
X(2)-X(13) as half the incoming effluent value.
5) Estimate the crop nitrogen uptake in each month in which 1t is

growa by multiplying the nitrogen concentration in storage by the

effluent application and using the crop nitrogen uptake
exponential functions.

6) Bypass variables X(74)-X(85) tend, in final solution, to be at
thelr lower bound (zero) or their upper bound (the incoming

etfluent volume), depending upon the application; it is worth-

while to rerun the model with low and high initial bypasses to
ensure that the optimal solution is found.

7) When minimizing the irrigation area associated with a given
storage capacity, set the storage in each month X(2)-X(13) at
approximately half the maximum. Roughly estimate the hydrau-
lically feasible area by dividing the effluent volume applied
each month by an average drainage capacity. Set the initial area
X(1) somewhere above this result.

When minimizing the storage capacity associated with a given irriga-

tion area, find the storage capacity required to store the incoming
effluent volume during the months when irrigation is not feasible; set the

storage volumes X(2)-X(13) somewhere above half of this result.

RUNNING LTMOD ON THE PRIME SYSTEM
Running LTMOD as a segmented run file on a Prime system is straight-
forwarde The LTMOD file may be used with no modification. The allocated
memory, PARAMETER MAXMEM, is 20000. The file numbering 1is:
INPUT LOGICAL UNIT 5
PARAM LOGICAL UNIT 7
DEFINE LOGICAL UNIT 8 1
OUTPUT LOGICAL UNIT 6.
The run procedur~ is as follows:
1) Compile LTMOD and GRG2 files. Either the Fortran IV (FIN) or
Fortran 77 (F77) compiler may be used:
F77 LTMOD or FTN LTMOD -64V
F77 GRG2 -BIG FTN GRGZ2 -—64V -BIG.
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2) Load Segmented Runfile:

SEG (initialize SEG utility)

lo #LTM (load runfile name)

lo b-LTMOD (load compiled LTMOD)

lo b-GRG2 (load compiled GRG2)

1i vapplb (v-mode applications library)

11 (standard Fortran library)

save (save runfile)

Q (quit SEG utility and return to Primos command level).

The package 1is now saved for all future runs. To run in foreground, type
SEG #LTM (or runfile name) and input the INPUT, PARAM, DEFINE and OUTPUT
file names as requested.
A typical background job might look like:
JOB user # -HOME 'user # password' —-QUEUE LONG
COMO RUNLIST
SEG # LTM
INPUT
PARAM
DEFINE
OUTPUT
LOGOUT
Runtime error messages are available by listing the RUNLIST file.

SAMPLE PROBLEM AND RESULTS

Problem statement

The sample system is a hypothetical 10-mgd facility with climatic and
crop data typical of central New Hampshire. The 1incoming effluent volume
is evenly distributed over the year (1,151,300 m3/month). Monthly esti-
mates of precipitation and evaporation at the site are shown in Table 4. A
mixed forage crop is grown on the site from early April to mid-November,
and 1its potential evaporation rate 1is assumed to equal the evaporation rate
throughout 1its growing season. The soil is a sandy loam with a maximum
hydraulic loading of 8 in./week (87 cm/month). Irrigation efficiency is
70% and runoff 1s assumed to be negligible.

The incoming effluent contains 40 mg/L nitrogen. The nitrogen removal

in the storage facility is 20X in each month from April through November

17
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Table 4. Climatic data for the sample problem.

Potential

Month Precipitation Evaporation

(cm) (cm)
January 6.9 0.0 [
February 5.8 0.0 »
March 6.6 0.0
April 6.6 3.0
May 7.9 7.7
June 8.6 11.2
July 8.9 13.4
August 8.9 11.3
September 8.1 7.6
October 7.9 3.9
November 7.1 0.6
December 6.6 0.0

Table 5. Estimated monthly percentages of sea-
sonal nitrogen uptake for the sample problem.

Month % Seasonal N Uptake
April 15
May 20
June 15
July 20
August 20
September 10
October -
November -

and 10% in the cold months from December through March., The maximum
seasonal uptake of the forage is 470 kg/ha under a harvesting regime that
includes three cuttings. The percentage of the total seasonal uptake that
may be expected in each month with this management schedule is shown in
Table 5. Maximum monthly nitrogen uptake values are estimated by multi-
plying the maximum seasonal uptake by the appropriate percentages., Nitro-
gen losses by denitrification and volatilization are assumed to be negligi-
ble. All nitrogen applied to the irrigated area in the effluent that is
not consumed by the crop is assumed to leach in the same month in which it
is applied.

The study objective is to find the minimum required irrigation area
associated with a storage facility with a S,SOO,OOO-m3 capacity and 12-ft
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(3.66-m) depth to achieve an annual average concentration of nitrogen in
the percolate of 10 mg/L. Effluent irrigation is feasible only during the
growing season of the forage crop. Bypassing the storage facility {s not

permitted.

Input and output files

The PARAM file for the problem is shown in Table Al. Two items
illustrate the flexibility available to the user:

1) A percentage of the winter precipitation is snow, which melts and
percolates through the soil in the spring. 1In this example, for simpli-
city, 100% of the winter precipitation is deferred until April when it is
assumed to enter the soil system.

2) To model the fact that effluent application is permissible only in
the first half of November, the drainage capacity is halved in this month,

The INPUT file for the run is shown in Table A2. The complete OUTPUT
file is shown in Table A3, The required irrigation area 1s 1280 hectares.
Refer to the GRG2 User's Guide for further details of the output informa-—

tion.
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APPENDIX A:
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. 913
. 513

—
—

039

. 134

134
a7

00740

015
0195
70
70
010

00000~ ~00~000000000000AG0
43
(o}

11.

—
—

0000~ ~00~D00000000000000

a

INPUT AND OUTPUT FOR THE SAMPLE PROBLEM,

5132

. 913

. 309

B 3¢

1132

04

L 0GR20

C1S
015

.70

:
70

Table Al.

11
11

COOOO~H-00~00000000A000000

513
512

.G
. 081

G

. 076

0
076
67
a7
o4
04
10
20
G

0

o]

0
o1
0047
0

o
015
015

-~

v

70

PARAM i<le.

11. 513 11.513
11.512 11.513
¢. 325 0.07%
0.077 0.071
0. 03 0. 077
G. 039 0. 006
G. 03 0.077
3.039 0. 605
o. 87 0 37
0.87 0.'439
.04 0. 04
G. 04 0 04
0.2 0.2
G. 2 0. 20
c.0 0.0
G0 0.6
1.0 1.0
.o 0.0
6. 00705 0. 00940

C.01 0.01
1.0 1.0
1.0 1.0
0.015 0.015
0.01% 0.015
c. 70 0. 70
G. 70 0.70
3. 6576
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Table A2. INPUT file.

55 93
ROWS
E 1 12 11 513
E 12 2 00
¢ 25 35 0.0
E 37 43 0.0
E 49 60 0.0
E 61 72 0 499
¢ 72 00
; N 74 85
0 B8s
‘ N 87 93
& END
? DOUNDS
? el 1 1 60O
R 2 13 5259 55 0
E 134 15 0.0
6 17 24 0.0
E 25 0.0
G 25 27 0.0
¢ 23 49 0.0
¢ 50 &1 0.0
G 62 73 0.0
E 74 25 0.0
END
INITIAL
SEP
1 0.0
2 13 32.0
14 1& 00
17 24 18.9
25 0.0
26 28 0.0
29 26 183 9
37 0.0
33 49 _c2a
S0 s2 GO
53 . 005
54 . 0049
55 . 005
56 57 0055
53 . 0032
5% &1 00O
62 44 0.0
65 72 187
73 0.0
74 85 00
EMD
FUNCTIONS
VARIABLES
PRINT
1PR 0
END |
co
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Table A3, OUTPUT file.
1
ONUMIER CF VARIABLFS I3 85
; CUUMBER CF FUNCTIONS 13 93 ;
OSPACE PYTFRVEDL FCR BTISIAN HAS CIMINSICN 89 '
OLIMIT U SZINDING CONSTRAINIS IS 92
3 OACTUAL LENSTH UF 2 ARRAY IS 19G7S
: ROWS
E 1 12 1 15130GZ+01
] E 13 24 0. 00000CE-01
G 25 35 0.00000CI~01
E 37 48 0 0050U 1
c 49 &0 0. GOGCCOLE~D]
€ 61 72 4. 60SOGCE~OL
G 73 73 0. 00000CE~D!
N 74 BS
o Q6
; N 87 93
1 EMND
BOUNDS
3 ¢ 1 1 0. 0G300GE~Gt :
R 2 13 5 293CGOLE~C1 5 SCCICGE+O! ;
E 18 16 0 QCo02 :
G 17 24 0 Coon 1
E 25 25 0 00IGOLCE~T1
G 26 37 0. 0CO0LCE~T
G 328 49 0 0CCNNIE~T1
G S0 61 0 0COTCTL~0)
G &2 73 0. COCO0TE~D
E 74 85 0. C0000CE~01
EMND
INITIAL
SEP
1 1 5.
2 13 3
14 16 ©
17 24 1.
25 25 ©
26 28 O
29 36 1.
37 27 0.
33 49 2 A00000CT-02
50 S2 0 OGCCGOOTE-01
53 53 S 0OCOCCCE-03
54 S4 6. 500003CE-03
55 55 5. 00GGCOCE-03
56 S7 b SQINCIII-03
$8 S8 3. 20000CTE-03
$9 4l O COnROIIZ-01
2 &4 0. 000000CE-01
&5 72 1.209000CMC-01
73 73 0. 000000CE-01
74 BS 0. 0000000 -01
END
FUNCTIONG
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VARIABLES

PRINT

IPR 0

END

GO

CEPNEWT = 1. O00CE-OA4 EPINIT = ). COOQOE-Q4 CPSTCP = {. OOGOE-0O4
EPPIV = 1 0000E-03 PHIIEPS = O CUO0CE-GI

oNSTOP = 3 ITLIM = 10 LIMSER = 10000

OIPR = 0 PN4 = 0O PNS = 0 PHS = 0 ~eR = 0 DumMi = o

OTANGENT VECTORS WILL CE USED FOR INITIAL ESTIMATES OF BASIC VARIABLES
OTHE FINITE DIFFERENCE PARSH USING FORWARD DIFIFERENCES WIlLLL UBE USED
OGUOBJUECTIVE FUNCTION WILL BE MINIMIZED

ODFP WILL BE USED IF # SUPERBASICCS < = B5
PARAMETERS

11. 512999 11. 512999 11.512999 11. 512999 11. 512999 1{ 512399
11. 512979 11. 312997 11.5125%9 11 512999 11 512799 11. 512799

0. GOSC00 0. C0000T <& OC0OCO 0. 223C00 0.077000 0O CELOGO
G 039200 0. C2CO0T ¢ C21800  0.079200 0.0710G0 0. 3000CO
0. G3CJ0D 0. 022608 7 LIN030 0 83050C0  0.077020 O 112000
0. 124000 O 1ZZC00 J 0745060 O 629G00 0. 00LOCGG O CC0O000
Q. Q00CCY O COCORD O QCL6GS O LIDNCCO  0.07700C O 1IT0Z0

E 0. 124000 O. 112C0C I O7&Q056 O (GT50CO 0. 001380C O 230000
0.870000 §.S7G0CLC ¢ 870060 §. 379260 0.3270050 0 8700CG0
0. 870800 0.875000 <. 370060 0 370500 0.43430505400 0 370000
0. 040G00 O G4COG0 & 0480002 O 6208060 0. 6AGCST O 2a006G0
Q. 0400C0 0. 040000 &, 84a0DCO 0. 040085 0. 040CCG 0 040000
0. 100000 O 100060 $. 100000 O 2006000 O 250000 O 2C00GO
0. 200300 O 20CO00 O 200000 0. 202G0G 0. 200C00 0. 1C0N0GO
0. 02C0CO 0. QQGOCO & 000000 0. GGQOOD Q. COGCT0 0 000000
0. 000000 0.000NCO O COl0DD (O OGCOCS 0. GOGCOG O 0GLaC0
0. 000000 0.0GOC00 & 000000 1 OCO000 1. 000000 1 GCOGCO
1. 000000 1.03GCCO 1 00GOOO O.000G00 0. O0OOCO O CLCO0s0
0.0105C0 O 010GO0G  0.01GOOG 0. 00070S0 O O0F43%  © 3070500
0. 009400 O 00SA0C O C24700 0 010002 O OICGIZO C Q10000
1. 000060 1.050GCG0 1. CO0000 1. ODGOO0 1. OLOOSG | OCLaTD
1. 000000 1. GO0000 1.000000 1.005000 1. QCCCS0 1 CGOLGO0
0.0150C0 O0.015000 ©.015000 0.015000 0.0152C0 0O 21%¢Z0
0.015G00 O 015000 9.012000 0. 0170C0 O 0150CO O 012000
0. 700600 0O 70000Q 92.700000 O 700000 0. 700000 0O 720000
0. 700000 O0.760030 O 700005 0. 7008000 0. 700040 0 TQ0C00
0. 010000 1. 00G000 0. 0060000 3. &£57500

i OQUTPUT OF INITIAL VALUES
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OSECTION t — -

NO

12

ta

o= C

PP PITIPIMY
Sy L

QNU

51

o3
94

FUNCTION

NAME
e g
Lacn il

L
La

LA

H20

H2
HZ

H20
H20
H20
H2O

He
He
ti2
H2
Ha
DR
DR
DR
DR
PR
pr
DR
LR
DR
R
0o
bR

2222222222222 22

N

Z

Sl
GCoHa0
LAGUOM L

CCornitla
3L
3 pLa
0 BL3
cLa
CLS
CLS
L7
3 GLe
g GL?
Jd CLiC
3 St
J kL2
A CP1
n S0
3l “93
A CP4a
A CPT
N CPY
A CF7
s CP3Q
A PO
i CP1O
n CP11
A CP12
oALL
a2
SAL3
CALAS
BALS
2ALS
BAL7
G3AL3
BAL?
CaL 10
CAL 11
BAL 1R
CRGP1
CROP2
CROP3
creea
CROPYG
CROPS

FUNCTIONS

STATUS

ER -2
"R ]
& re
st 2
EEE 4
i Ao
+12
82
FCS-J
EXR
T
@&
EQ
=a
£Q
4
LR
* it
ECR
PRLE -3
o
PR
ORNE )

C

it
L -
anw
o -
e
»ew
EG
EQ
£Q
£Q
cre
[ A 3
rew

TYEC

INITTIAL
VALUE
COne ey
RRATEIPENE U T R

DE -0
STOLLIE G
€135 8E+C L
SUINLDTE+GL
S2aRUIAE e 0L

CRLGNINT O )

SOE-O1
SuCCO00E -0
ZOCTONE -0
TO0GOOGE -0l
O7997ECE+C0
S7LIOIILEYTO
S7GOOI2EfTO
QOO e+ 2D

S70GO1LE # 00
LE+00
12030

Y]
: SURAR SRRV A
TARTS YIE+O]
2AGGEIESC]
34997435 +01
L9535 RIL 0L
3097 7AE+01
IG5+
369975 GE+01
ASGITGAE+D]
A5RI0DIC #0)
3690GAE+T]
TAGIOT T L0

L9859 aE+01

3

TOLNILOE-01
CuCOCOOE-D1
I ONTeISIErA T B

-

SO0 UG ESOR

Q4 QLTOOE--02
250COC0E-CR2
OAGOGCOE -0
DVG00ELE G2
PHOOGLGE

24000T0E-01
S HHR000T-01
TOCOOGTOE-01
JOCOGOOE-OL
00GOOGLE-01L
Q000QINGE-OL
C31272CE-01
TO85133E-04
G313720E-01

25

-
<

~
(o

COOO OO = rm v = me e

L 00TTNCoE

D2000000TOQCGOT

CoOO0Og0oOOoOOCcCcOOUOLCODCCCCOC

LOWER
LIMIT

121 2000C +01
1512000 +01

19120092001

19120002-71
19120008 +G1
15120000
1912C00e+G1

1317000k +01

1212000E+01
1912000z +C1
191 7C0CE+0)
1312005E+G1

. GOCGOOOE-O]
. GOCT00GE-O1

GUQGOCOE-GIL

S O2CC006E-01

CoCZUCOE-O1

. 00CCOO0E-GI

50D 00(

Gl
LTS ID0NE -2
[STSINTAIVTRI TR Tl |
OOl LU E -0
GCTICC00E-D)
GOOGUCCE-GI
COCT000E-0
OL0CG00E-D)
GUDQ0CHE-D )

COCOOUE -3 1
0oIT00NT- 31

. OCS8200E-01

-~~~

CoONCT -3

QCCE-C)

QO CTiE-TI

SO0 TCQ00E-GY

G CQOUE-CL
0ONCCO00E-CL
CGOICOC0E-CL
OQITOQCE-- I
QO O0COE-OL
QOND00CGE-O1L
GCCOQ0TE-I1
COCCO0CE-0t
GCCOO0CE-G1

. 00QC000E-01t
. 00CCO00E-0O1
. 0000000CE-0Q1

Q0CCO00E-O1

. 0000GC

Rvivleleloty
. 00GCU!

DOCCDOOOOCO O M= b o e e

©CCCCOCO00000000D00C

UPPER
LIMIT

19130GGE+0OL

1912300700+ 01
. 1512CaCh+01

10132007701

1913C071I+G1l

C191CCICE 0L

15132030 +G1L

000GQC Tt
O00OOCTE~
0000CT i -U!
0Q00OCL I
COOLOE!
0000N0C L
GO30CT

NOUNZ
MO

NONE
NONE
NONE
NONE
NONE
NONE
NONE
NOMNE
NONE
NONE

. 000GCCCT~-C1
. 00COCCIE-01i

00QIOCaC~J1
00000 G
000000 GE-01
000QQCCE -0t

. 0000CCCiT-~u1l
. GLOGOCOII-01
. 00QGLOCE -0

00000T2Z-01

. Q00000 TE-01

00QO0CCil-01y
0000GClE-O1
00C000CE-01
00000COE~01
0000035 i2-01
0000CCIr-0o1t

. 000000CE-OL




CRGP7 e EG & 20Bs8120E-04 0O 000T0C0E-0O!L 0. 000000CH.=-01

S5¢6 N CRCi*S LA La 6. BOSKITVEL -0 Q. 00QCOQTE-31 . GVOO000OCE -0}
57 N CRQOP9 il EQ =7 179A829E-04 0. 00GCO00E-0O1 0. GOOCOOCE-O1
58 N CROP1IG £a cfe] 0. COQVUDOE -0l 0. 020000CE-GL 0. CO00000E-G1
59 N CROP11 EQ FQ 0. 00CUOCOE-OL1 0. 0O3G0G0K-01 0. O0000CGCE-O1
&0 N CROF12 EQ EQ 0. GOOOO0UE-OL1l 0. 0OGS000KE-01 0. OO0G0OCTE~O1L
&1 LAG N1 W £a 7. 1999990E-C2 4. L0T0000E-OL 4. 3050C0LLC-01
e  LAG N2 *nd EQ 7. 1999994E-02 4. 6050000E-01 4. 6030002&£-01
63 LAG N3 28 EQ 7. 199999LE-02 A LUS50000E-01 4. £0%00C0CE-0O1
54 LAG N4 #x EQ 5. 9759997E-01 4. LOSCGGOE-GC1 A4 605CCILE-01
65 LAG NS " [ge] S §75979%E-01 A4 LOSTO00E-QO1L 4 L0S00GCCE 01
b6 LAG NS 2% % Ca 5 97S9997E-01 4. LG5C050E-01 N 050023 -01
&7 LAG N7 6% EQ 5. 97572997E-01 4. 505CCO0E-0O1 4. 60500.Ct2-01
&3 LAS N8 44 FQ 5. 9759999E~01 A HOSTINOOE=-D) A4, L050330iI-01
692 LAG N9 * ¥ EQ 5. 9759997E-C1 4 SGEI20CE-OL 4 SCS5007CHE -0
70 LAG NiIO EX2 CQ 5. 9759795 -01 4 H0OSTO00E-O1 4. &050000L-01
71 LAG N11 o3 EQ 5. 9755997E-01 4. 50S30C0E-O1 4 5C50CCle-01
2 LAG NI e EQ 7 199579L2-C2 4. 50500GCE-O!L 4. LOLOGOCII-D.
73 GW QUAL L GE -1. 8210995E£ -19 0. OCCOOCOE~-T NONE

74 GUWN NA 0. 00G0000E -1
79 GLN2 NA C COCOGOCE-T!)

75 GWN3 NA 0. 000000 -0
77 GKiHa NA Q. 4499975E-02
78  GWMS NA ? A499PT7EE-OD
79 GWHMNS NA 9 AAFPPTEE-UR
B0 GuN7 NA 9 349997 L5E-CD
21  GuMN3 NA ?. 449997 LE-CD

2  GRN9 NA 9 349997 EE-OD
€3 GW1iIO NA P. 3199975E-02
en Gl1t NA Q. 443837 5R-0D
85 G&Hia NA & G00000CT-01
8& Gbv 0BJ 5 00000CHTI+01
87 STOREVN MNA 1 42999955 +00
88 STOREVMNP NA 2. 605751CE-0O!
B9 CRUPN NA 1 &£40000GE+00

20 CRUPNKP NA 2. 40411262 -01

D1 TOTREWN NA 3. O799999E+C0C

Q2 TOTREVNP NA & 27345452-01

22 APPMAY NA 3. 31427/927E-01

OSECTION 2 ~- VARIABLES
VARTARLE INITIAL LOWER UPPER
NO NAME STATUS VALVE LIMIT LIMIT

1 AREAN 5 000COQCE+01 0. COGCO00E-"1 NONE

2 STCR1 3. 00000Q0L+0L 5. 27900CCH-01 S 3000000 +01

3 STOR2 3. 0000COCE+O1 9. 27790000E-"1 9 S00GOCU+01

4 STOR3 3 000Q00CE+OL 9. 2770000F~-01 5 5C00000T+01

O STORA 3. 00500002+01 5. 29%0000E-01 5. S0000COTZ+0O1

& STORS 3. 0000INOE+O1 5. 2950000E-01 S. S000000T+01

7 STOR6 3. 0000000 +01 5. 2990000E-0t 5. S00000NZ 01

26
e — i amasie




10
1t

-
-

13
14
15
16

17

19
20

-
=

fada)
e

23
24
25
-

e

-
=

-
[y

-
[

2
-

21

(S5
—e

33
24

-
>

35
37
23
27

a1
a2
a3
aa
4s
as
47
43
49
50
51
52

e
-

sa

S5
95
57

S50

60
-}

STOR7
STOR3
STCR?
STCR1
STCR1

STOR12

APP 1
APP2
APP3
APPA4
APPS
APP&
APP7
APPC
APPSQ
APP10
APP1L1
APP12
DRAIN
DRAIN
DRAIN
CRAIN
DRAIN
DRAIN
LAl
CRalN
DAl
DEAaln
PRAIN
DRAIN
+ STC
! ST7C
STC
cTo
16
37C
STG
N STC
N GTT
N S10
N ST
M STC
Cprjp
CROP
ceagp
crROP
cecp
CEDP
CROP
CRCP?
CROP
CRCP
crop
CRaP

22Zz2Z.i

J
1

-

1

2

2

d

5

5

3

Q
10
11
12
7l
no
33
20}
no
28
N
o3
[l
R10
Rit
R12
A
NO
N3
M
NS
.‘b
™7
N3
N7
410
N1t
N12

)
X
FX

FX
(.

LL

LI

LI
L
Ll

Lt
L
Li

. 0CO0CT

COQOUOETBCEYVWOOAMNMMMINRNMNMNMNNDNNO S - e e e e 000D =000 ULULWY

QCGDCOCE O
ONCCLT v

0006200

OCOGIGOL 0!
0COCTLLT vO1L
0OOGOUGI +01

. GHOTCT TR -0t
. 000GCCIE-01

00OCGCGCT-ut

. E7G0T50T+0)
. 8200000L+01
. 82002032 +01
. B200CC I«
. B0OCTIE+C1L
. 872000 LI +01
. BFOCCOTEFO1L
. 82CCO0CL +0O1
L 0OOGCOCE~0L
. 00COSGIE~01Y
. 000GOCCI~0)
Q00RO -0
. 8900CCUE+0!

87005C0E+01

. 89GO00IE 01
. R7030C0CT 01
. 8Q00COCE+O)
. QF00STCT 0
. 3700CCIT+0)
. 8900700C 01
. 0000CC2E -0t

40000008 -02

. 40CooCE -0

A0S0 T -0

. 40000CCE- 02
. 400000 CE-02

4CO0LCOE~-02
AOGOHIGE -0
30000l 2E-0a2

400080, T0-02
AGG! T-02

-o0

400C0C <
A0GCCHT -0

e

. 00000 ZIL. -0
. 60GLOGTE-0}

000COCOE-O1
o -03
S0CHN2CHT-02
000DCLTC-03
50069)GCCE-03

. 5000000L-03

20002007 -03
QOCO TS -0

. 00005211 -01
. Q0000CGL-01

27

CO00O00000C00000U0OHLNO00O0UNO0000NI0000LO0000000C00O0OVLUYL AL

«79C000E-01
D790000T-301
2990000E-T1
S99G000CZ-01
2790C60CE-01
299000GCE-01
CGOGCO0LE-O!
COGUO0VE-O1!
000CO0GE-O!
C0Q000VGVE=-C])
GO0Q0Coz~-0t

. 0000000E-O1

Q0020CCE-O!
COGOOGOE~-O!

. CGCOCOOUE-GI

0000C00E-D1
Q000C0UE-C1!
0CON00LCE-O!

. 000GLO00E-C

00COO00E-D1
GO0OCOOE=0)
GOUGOCOE=T
GOGCOUOT-01
COGCOOGE-T1
CUCOOUSE-T!
SOOUNODRE=-01

. CCOLCOCKE-D

OCQOCO0E-T1
GQOGQOOE-C1
CoAC000H-C
COLCOOLE-Ci
GCOGOCGE-U!
CGOND0COE-T1
CCOQCCCGE~T!
GO0CO0CE-T 1}
OOOQQ00E-T 1
G0CO0CEE -2
OQCCOU0E-D!
COGHNCOR-0)
CO0CO00E-D1

|

. QO0QGGOE-T

COGOCCORE-T1
0000A0CE~T !
QCOOQ00R=-01
OO0CO000KE~0Ot
CO00000E-D1
QCCCO0NE-D!
$COC000E-21
(elelelolelelut=Rdu

. GUO00NOGE-OY
. O000000E~-O!

0C00000E-0 1

. Q00CO0CE-C
. 0OGO0O0E~)

[oNe NN NVEURS NN

00000001
SCCUNONLE +0O1
20000CLizr0O1L
SO00000T +01
53000GUI 01

. S006G0CGR 0L

G000000T-01

. 00000CLE-01
. 00000G0Z~01

NONE
NONE
NONE
NONE
NONE
NONE
NONE
NONE
CQO00ONOLE—-01

NGNE
NONE
NONE
NONE
NOCNE
MNONE
NCNE
NOME
NCNE
MNONE
NGME
NONE
NUNE
MNONS
NI
NONE
NUNME
NOME
NONE
INUNF
NONLE
NONL
MNONS
NONE
NUINE
NGNE
NONE
NOME
NCNE
NON

NGNE
NONE
NONE
NGNC
NONFE
NONE




1

1

0

OSECTION 1

NO

VQANGCN 2N~

. OUOOOOOE-01
. O00000CE-C1
. GUOGOO0E~DO!
. DO0GOGCE-C1
. 6000000E~-01
. 0000COGE=-D!
. 0OGOOOOE=-01
. 60000GOE~C!
G000000E-G1
0000006E-C1
. GO0000CE-0O1
. G000000E~-GI
00G000GE~-O1
. 0000000E-C1
. 0000000E-0C1
. 0000000=-01
. GCO0000E-0O1L
. 00GC0G0CE-DL
. 60000CCE-01
. 0000Q00z-3t
. G00GGO0E~OL

N PERC1 L. 0. GGONNOTII-01
N PERC2 LL 0. 0000GOCE -0
N FERC3 LL 0. GOOLLOTE-OL
N PIRCA 1. B9G000CE-01
N PERCS 1. 89000C0E-01
N PERCO 1. BYCCI0CE-01
N PERC7 1. 69CGO00E-01
N PERCSB 1. B9GOOOCRE-01
N PERC? 1. 890OOGCE~01
N PERC10 1. 8900C0CE-0}
N PERC11 1. B90000CE-0]
N PERC12 LL 0. 060000oE-01
BYPASS1 FX 0. 00C000GCE-01
DYPASS2 FX 0. 00000655 -01
BYPASS3 FX 0. 000CJGCE-01
BYPASS4 FX 0. 000000CE~-01
BYPASSS FX 0. 000O0CSOE-01
BYPASSA FX 0. 000037GE~01
GYPASS7 FX 0. 0COOQOCE~01
BYPASSAE FX 0. 00GH0COE-01
BYFASSY FX 0. 000GCOGE~01
BYPASS10  FX 0. 0000SGCTE-01
BYPASS11 FX 0. 0CUOCCCE-01
BYPASS12  Fx 0. 06COTLGE-G1
CTOTAL FRACTICMNAL CHANGE IN CDUECTIVE
FINAL RESULTS
FOR
-~ FUNCTIONS

INITIAL FINAL

NAME VALUE VALUE
LAGOON1 ©O. Q0OOCE~O1 1. 15130E+01
LAGOON2 G O0GOGE-O! 1 1513CE+O!
LAGOON3 0. 00DCGCE-01 1. 1513CkE+0
LAGCSONS 1 62804E~01 1. 1S130E+0,
LAGGONS | SIGISE+01 1. 151230E+01
LAGTOMG 1. 91132E+01 1. 15120E+0]
LAGOON7 1. 92691E+D1 1. 15130E 01
LAGOONS | 92409E+51 1. 15130E+01
LAGOONY 1 SY590E+G1 1. 19130E+01
LAGCONIO 1. 85719E+01 1. 15133L+01
LAGOON1L 1. 8305%E+31 1. 15130E+01
LAGSONLI2 © OCCOUE-T! 1. 15120E+01
H20 BL1 O OQOGGE-O1 O 00GOCLU-Ul
H20 BPL2 O OOQOGE-01 0. 0000CE-01
H20 BL3 0. CICI0E-O01 O ODCCCE-O1
H20 BL4 9 0S2000E+00-56.470273E-GH
H20 BLS -5 S7DOOE+00-5 2523ZE-~10

0000000000000 O00O00OO0000O00

LESS THAN

. COGOQO0Z~01
. 00000Q0GCE-0O!L
. 0CO0GO0E-GL

OCOVOOOOOO0O0

NO
NU
NG
NC
NO
NGO
NO
NO
NG
NO
NO
NO

. 0000
B eZolo]d)

olely)
0000

. 0000

<000
3000

. 0C00

-006
0000
GOQo
ZCGO

NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
NE
000z-01
0G0CE-01
OG0 01
0GoL-01
0G0OiI-01
OGol 01
00001
0COE-01
ACOI-G1
OGOLL-01
CCoOL-01
GGOl.-C1

1. COOOCE-04 FOR

3 CONSECUTIVE ITERATIONS

STFTUS

FTIUALITY O
{ZQUALITY O
“QuUALITY O
EQUALITY -3
EGUALITY-2
EQUALITY-2
CQUALITY-R
EQUALITY-9
EGUALITY-1
EQUALITY-4.
EQUALITY-3
CQUALITY O
CGUALITY O
EQUALITY 0
EQUALITY O.
CQUALITY=S
CQUALTITY-S

DISTANC
FRO

NEARZST
DOUWD

0oLt 01
Q00E -1
Co0OE 01
414E--12
411E-13
14£3E -G
S58E--09
B840E--09
0<3E-08
4226 -08
$49E-08
CCOE Ot
OGCE 01
CCOF 01
COOF -0t
670E-03
29528110

g

0000CCLOCOCOO000CO

LAGRANGE
MULTIPLIER

GOOQCE-0O1
- 00000E-TI
00000E-01
. Q0GC0OE-01
0G(:0CE—-0O1
. 00C0OE-OY
00000E-01
. 0000GE-O1
. Q0000E-Q1
0QCOGE-GCL
. O000GE-~C1
00GOUE~Q1
0000UE-I1!
. 000CCE-~O!L
. O0000E-D1
. 000QOE-Ot
. 0CO0CE-GT1!L




1

(o]

CSECTIGN 1

HO
neg

Hed
Hon
20
H3D
H20
[RA
URA
DRA
DRA
DRA
DRA
DRA
ORA
ORA
CRA
oRA
DRA

N Ball
N BAL2
N BaL3

-— FUNCTICNE

INITIAL

NAME YALUE
H O PAL4a -1 44CCOE-02-6
N BaALS & 0AG0CE~C2-~1
N BaLS =1, 4500C2-02-6
N BAL7 & CIGOGE-GE-2
N BALS 6 CAQLLE-GP-3
N BAL? -9 S5G00E-C20 |
N BAL10 -2 6440CE-CL1 1
N BAL1! -2 644600€E-01-3
N BAaL12 O OCOCQQE-C! O
N CROP1 O CCCCrE-Tt! O
N CRCPZ O OCQGCE-I1 O
N CRQOR3 O 0OJ00CE-01 ©
N CROP4 -1 02137E-04 5
M CROPS &. 8U861E-04-1
N CROPS =t OZI37E-204 &,
M CPOP7 & B0B&LE-CI-1
N CROPS & 809&iE-04-1
N CRGP9 -7 1793EE-0A4 3
N CROP10 O GOGOLE-OL 1.
N CROP1! O OGQOCE-Q1 5
N CROP12 O 00GOGE-OLY O
LAG N1 7. 2CO0OCE-CR 4

.7 =7
cle -6
9 -5
GBLIO-3
SLl1i-2
L12 O
CP1
cP2Z
cP3
P4
CPS
cPs
CP7
cPe
cPa
CP1LO
CPll
cP12

QOO E&EMMPNMNRNMNNMN & &

SAGCOE.CO 2
i
ATCLQECO &
7000+ CG0O~1
ALCIGE+CO-3

LTLOLT L0

CONQGE-GI
JEONCEL01
STLOCT3I
S2GOGE+OS
4L00GE+01
dLCOCE+O!
3L00CE+0)
46000E+01
ALOCCE+ 01
AEO00E+O1
45CQ0E+C Y

SECOCE~CO

. 3S0GOVE~GY
. GOOCCE-01
. OD00GE-GI
. 0003SGE-O1

OO O M) GO = (F e O

TLE -5 wIOQCUAN0-1. 1B TR 1S

RTHOTU -0
a8 1 1L-C7
Q204617
a33:120-G8
80+ +7E-03
OOCOOE -0
11670002
1167l eN2
11674037

L e&d4T )

—_——r .-
G23250+02

02218 +02

22822

. B7444E+7)
L 78807 D1
. Q6%42E+02

A21C=LG1
11567¢E+02
oococtl.-01

. 000G CLE-01

CGOCLLL -0}

FINAL RESULTS

FINAL
VALUL

22203800
83tser-on
AG8TIE-00
70
3025CC -00
87517000
45531E-13
52204E-06
0000CE -01
06N CI- 01
oCorCL-01
0C3ooE-01
01053C~07
QTLISE-OT
1801 2€-05
SALT<E-O7
AFSTIE-G7
16572E~C8
13564E-15
0Q110E-15
000656 -1
$05GGE-01

29

EGUALLTTY-1
LouatITY-"
LGIAI T -1
COUALTTY -6
CalnalITY -1
EGUALTITY-3
CGuaLIly ©
FhiZE
FRES
FREY
FRILE
FrRCE
FREE
FREE
FREE
FRL:
FREE
FREY:
FREZ
C3UALITY O
COUALTITY O
UGUALLITY O

- () = O (D = e e O v e

STATUS

EGUALITY-6.

CoUALLTITY -1
EQUALITY-6
COUALITY-2
LGUALTTY-3
EUAILLTITY =1

EQUALTITY -1,

EQUALITY-3
EQUALITY ©
TQUALTITY
LaVALITY O
C3VALITY O
CQUALITY -0
EQUALITY-1

EQUALTITY=6

LGUALTITY -1
CoUALLTY -1
CGUALITY=-3
EauallTy-1
CGUALITY-5
EQUALITY O
EQUALITY-9

187602 0. 000C0E-C1
370E--G68 0 000006L -5t
GELHE -0 0. 000COE-C)
ESBE--09 0. OCO0CE-C1
429L--08 0. 00000E-01
g10E-GC3 0. 0GO0QE~GH
O00E 01 0. OGOOOE~-O1L
17802 L
1178+02: L
1178+02: L
. 2&AE+01 L
OZ3E+02. L.
. CZR2E+Q2 L
024Er02: L
B874E+C1 L.
7646E+01
O50E+02 L.
421E+01 L
117E+02: L.
QCOE--O1 0. 00000E-GL
CCOE 01 0. 00000e-31
OCOE -01 0. 0000GE=-O1
DISTANCE
FROM LAGRANGE
NEAREST MULT IPLIEN
BOUND
3Z2E-CS 0. OGOO0E-O1
GS2E--0OS G. OGGOCE~GL
3CFE--05 0. GOOOOE-O1
720E-05 G. 00000E-C1
4035E-05 G QGOGGE-G1
&£75€-0° Q. CONOOE~C1L
458E--13 0. 00000E-01
SE2E-06 0. DOO00E-O1
000E- 01 0. OGOO0E-G1
TIOF -Ct Q. O5000E-T1
SM0E 01 0. 00000E~-01
GCOE--O1l 0. OCGO0OVE-G
G1L1E--05 0. 00000E-U1L
e77&E--C7 0. 00000E-C1
1E0E-G5 0. O0000E~-O1
&AL D7 0. O0000E-0O1
656807 Q. 06000e-01t
1S9&E--08 0. 00000&e-C1t
1306E~-15 0. 0GOOOE-~O!
GGIE -15 0. O0000E-01
COUE O1 0. OQOOVE-CI
a3E-11 0. O0000E-01




&2 LAG N2 7 2T00CE-02 A
63 LAC N3 7. 2O0000E-G2 4
&4 LAS N3 5 PTLOCE-01 8 LOTCLE-01
55 LAG NS 5. R7L00E-01 4. H050:CE =01
86 LAG NS 5. 97464C0E-01 4, L05CCL-01
&7 LAG N7 5. 97L00E-01 4 5093Gi2-01
&3 LAG N3 S 97LQGE-01 4, &C4STE-O1
&9 LAG N9 5. @7400E-01 4. 04
70 LaG MO 5 TLLIE-01 4 &0S
71 LAG N1l 5 974CCE-CL 4. &0
2 LAG N12 7. 2G0OGUE-02 4. &0ST0LC-01
73 GW GUAL ~1 42109E-14-2 253>
74 Guil 0. OGO0OGE-O1 0. QU
75 GWR2 0. OOCOGE-01 0. OCOGCE-01
76 GWN2 0 GCOQGE-Q1 0. O0CACE-01
77 Gild 9. ASOCGLE-02 & 451 10E-01
78 GWMS 9. 4SGOGE~-GR 9. 39437C-02
79 GUWNS 9. 4500GE-02 &. 28CTSE-02
1 FINAL RCESULTS
0
OSECTION 1 ~- FUNCTIONS
INITiIAL FINAL.

NO. NAME VALUE VALUE
80 GWN7 9. 4500C0E-02 4. 94007Z-~02
81 GWNS 9. 45000E-02 7. 51G43E-02
82 GWNZ 9. 45S000E-02-2. 2809CE-03
83 GWI10 9. 45000E~02 7. 70131C-02
84 GWll 9. 4500CE-C2-3. 02034501
85 GW12 0. OCOD0E-01 ¢ QOUODE-01t
85 OBYJ 5. OCO0CE+01 1. POZ&2E+CD
87 STOREUN 1. 43000E+00 1. 73525C+00
€8 STUREVMP 2. 80575E-01 2. 147321-01¢
89 CRUFN 1. $A00NE+CO Z 22E2TT 00
30 CRUENP 2 ADAVIE-CY § 91 -0)
S1 TOTREWVIY 3 O3LCCE+CD A 247l e300
92 TOTREVMNP & 39346T5E-01 8 S&244L-01
3 APPMAX 3 9160€E-01 1. 34&31SC-0)

1 FINAL RESULTS
0
OSECTION 2 -- VARIABLES
INITIAL F INAL
NO. NAME VALUE Vel Ul
1 AREA S. O00DOE+D1 1. 2B2363E+02

30

LGUALTITY-6
UQUALLITY -7

CGUnLITY~4.
COGURLITY -2

CQuUALITY-S
EGUALLTITY-3
EGUALLTTY -9
CIUALTTY =5

COUALITY-L.

CQUALTITY=1

LG REMD=-2

IGNORED
IGNGRED
IGNCKED
IGHIRED
IGHNCRED

GHNORED

— o pt gt pe e

STATUS

IGHCAFD
IGNORED
IGHNORED
IGNGIRED
IGNDED
IGNINRED
GTo

IGHNCRED

—

IGNTREU
IGHIORED
IGHTRED

e e

STATUS

SUPRASIC 1

— e em e e e

&270 11
77AL--11
450k--11
2CLE--11
1C08L-08
07?7k GR
231E-C0s
S20E-0>5
245
5%2C--G7

120F -10

28AE-G9 L
OO0 £33

OCOL + 20

05

L OG0E + 30

OGGE #39
OCGF =30
OCOE=30

DIGYT AT
RO
HEARDT Y

BOUNY

OCCF 30
00GE : 3
oCG

SO0t

DIGTANCE
RO
NE NG 5T
DOUND

TR R

——

i

COO0O0QO0OT0CO0CO00

. 0O00COE-91
. O000QCE~CIL
. 0000CE-D1
. Q000CE-C!L
. O0O0VOE-CIL
OCGOO0E-GL
. 000QGE-C1
. O00VQ0E~O!
00LO0E~D1]
. 00000&E-01
. 00Q03E-OIL
. 00GOCE-O1t

LAGRKANSE
MULTIPLIEDR

FCLUTED
GlenD ] ENT

QLCVGE+CO




NONCBaw

32
a2
34
35

35

37
7o

&9

o]

ZTCR1t
ci1cha
STORG
STCR4
STCRS
STCRS
STGR7
STORS
STOR9
STOR10
STOR1Y
STOR12
AP 1
APP2
APP3
APPQ
APPS
~PPS
APP?
APP2
sPPS
AFP10
AFF 11
APDZ
DiRAIN1
DRAING
DRAING
DRAINA
DRAINS
DRATING
DRAINT
pRAING
DRAIND
DRAINIO
CRAINLL
CRAINIZ
M STORI
N SYCRe

CSECTICH 2 -

40
3]

-
-

33
a4

NOME

M STCR2
4 GTORS
M STCRS
N STCRS
M STORY

P)I‘JOHr—v——-u—-r—'—OC)OOk'—"*"—*—_"'*‘OOOLJLJU(JlJULJ}JlJLJ[JLJ

CTUTIE G
CCOULCE+C
CONACE+D)
OCuwOOE+D1L
0G00CE+01
n2COCE+O1
G>(00E+O1
OQOQCE+01L
COOOGE+D!
OCOOTE+O!L
CoOQCCE+D!L
OCOLTE+O!L
QCOOCE-01
0J00CE-01

. 0GO00E-OL
. 830aC

E+QO1
SGO0E+Q!
oR00oE+0]
SPCO0ETT

L ETeOCE+ON
.B9uOUE+01

L& ""\. GE-01
. 89C00E+0!
. BOQ0E+01
. 89000E+0!

300E+01
BEO0NE+G

. 8920C0E~+01

JCOOC¢0

n oo
-

VAR IABLES

PP PPN

INITTIAL
VALUE

d200Ce -0
adeOoE-02
42000E-C2
30:200E-02
4C000E-02

02 3
NAL RESULTS

-
-

a

5

(3

.

-

9.

4
3
1
3
1

a
-

(o)
0

G

1.
1.
1.

-

-

0.
4.
8.

?
?
2
1.
5.

-

[

897
L OO GDCE-01
. QOCO0L-01
.OODOGE-G!

7ACE+0)
24370C+01
SOTCCI+0)
SOO0CE+O!L
HGCO0CE+0!L
7CZOZI0L
7135Z6+01
G““71E*01
1200 1E+00

2001
5u315E+01

8. 92200E+00
2. 04010E+01

coocCE-01
0OGOOLE-0
0GOS CE-01
S5749CL+0O1
18431E+01
e22Z27E+01

2. 1GE294E+01
3. 71&03k+01
1.

F1O3ZE+O1
AE-14
=[£+01

ZRRA

¢H'15C*Ol
3T&LEEL+00
46047L+00
29420(1+00
2731&6L£+01
10155L+01
13454(2+00
15275E+01
00OT0L1-01

. 32774E-02

Q222TCc-o02
o

FINAL
VALUE

1023°£-02

. 55Z398L-02
. 3800gE-02

2739%L-02

- 33140E-02

31

PASIC
prSIC
MOI3ASIC
NJHDASIC
NCHIAS]IC
BASIC
PASIC
BASIC
RASIC
BASIC
BASIC
BASIC
NONRASIC
MONSASIC
NGREASIC
BrE1IC
BASIC
BASIC
SUPSASIC
SUPEBASIC
SUPRASIC
NGHNEASIC
SUPRASIC
NONEASTIC
BAaS1C
SI1C
BASIC
BAS1IC
BASIC
BASIC
BaSIC
BASIC
SIcC
BASIC
BASIC
BASIC
BaSIC
BASIC

STATUS

BASIC
gacicC
BAaSIC
BASIC
BASIC

-
“

1. 151E+01

1. 896=Z+C1

ww

PR IN SE SRS

0 0 -

1
1
1
3
1

NO-NO0O s

302E+01

ccC

UPPLRIIND
UPPLRUMND
UPPPZREBND
1£1E£+00
795E+01:
031E+01:
7SCE +GO-
.490E+01:
3E+00.
.9935*01:
FIXED

FIXED

FIXED

. 995E+01:
. 154E+01:
826E+CL:
132E:01.
. 716E+01L:
S 911E+G1
LCWERIND

rrrrrrqc

rrrrr

r
co0CoO0O

FIXED
LOWERDRND
LOWLERLND
LOWERBND
Q0IE +o1t.
. 327E+C0-
. 460E+00:
. 294E+C0:
290E+01
402E+01:

35E+G0.
. 163E+01:
LCWERUND

. 32BE~0G2:

rrrorrroocr

rr

AT LS
. a2t =02

DISTANCE
FROM
NEAREST
BOUND

102e-02
S5S54E-02:
380E-02:
300E-02:
331E-02

rrrrrr

OCO

C OO0

. O0000E-01}
. 00000E-O1
. 00000E-01

. Q0000E~-0O1
. 00000E-C1
. 00000E-01

. 00000E=-DO1
. 00CO0E-G!
. O00COE~-O1L
. 00000GE-G!L

00000E-01

. O00Q0E~-O1

REDUCED
GRADIENT




45
44
47
43
47
S0
St

-
.

93
Sa
)
56
S7
S8
59
&0
61

be
63
&4
a%
Y4
53
&9
70
71

72
73
74
795
)
73
79

1

0

OSECTIGN

NO

20

=3

82

e3

84

es5
1RUN
0

ONUMBER OF OME -DIMEMSIGHAL SEARCHES
ONEWION CALLS =
OFUNCTION CALLS

ACTUAL FURCTICHN CALLS (INC.
ONUMBGR OF TIMES PASIC VARIARLE VIOLATED A BOUND =

N
M
#

sSTND
TGRSR
STIHIO
N STCRII
M STOR1D
cnee MY
CRCP N2
CROP N3
CRCP Na
CROP NS
chorP
CRGP
CRCP
CRCP
CROP
CROP N1t
CRGP NI2
PERCL
PERC2

N7
NS
NS
N1O

v
n
oo B |
i

S~ w0 e

™

J L QA

010

M
N
N
M
BYP LSS
BYPAGS2
BYPHS33
GYP 5S4
BYP+SS5
BYPASSSHS

A
DGO GAaacanC

b

- o
UODOUUVOmrrr r el OO0O0COUWUEEANTWO DO NN

) 2

VTV UV UVUVLT

Mo n moan T m

¢l
— - e

hog JERPONpI,
[

NaME

BYPASS7
IYPASSS
BYPASS9
BYPASSLO
BYPASSI
BYPASS12
STATISTIC

[ B0 T B}

LIS

e b
i

&
|
QOO 0O

YO O D C

=Y

D00 OO T
|

C)b(n
DO DO

o]

VO OGO GO! .
rmorammmormN
1

CCOOoE~
SOCCTE-C
50097E-03
3CG02C0E-C3
0oGOoE-C1
0GoCGE-G!
O020ULE-G]

[N oNaNeXs
QGO0 0

o
o]
[

3

o
<
<
2
2
1
]
1
3
5
3
et

SOOTCE-G1

PELNR LIPS <)

VARIAGLES

NOOoOO0OO

INITIAL
VALUE

QoU0CE-Ct
GGUOE-Ot
QCQQACE~-OQ!L
CO0N2E-01
QOC0CE-D1
COC00E-V1

2G4

Q00U COO

2
3.
3
3
3
o]
o
0.
o
|1
2.
<]

4

-
«

1.
S
o]
)

RCI2I1L-GT
982ZT1E-G2
AL3LTE-C2
1214323C6-062
3785:15-02
oOCCOC -0
0OCTCL -0}
060000 L-01
R172112-03
37599 ~53
72C16L-03
17912E~-03
962Fa4L-03

. 9273E-03

1356410

.001:i1CL-15
. 0GOGGIE-01
L QLCGIE

-{71
:GI -0
L0t

=00
LT

Q0TI

=l

L O0COLE-01

FINAL
VAL

COGOLE
N

QO 2INCL

-01
-l

. 0000uLE-01

. 000080

-0t
000G -01

. 0000aT -0l

HEWTON ITERATIONS
567 GRADIENT CALLS =
FOR GRADIENT)

BacSIcC
BAZIC
BASIC
BASIC
BAEIC
BASIC
BacS1cC
3,SI1C
3nSIC
BaS1C
BASIC
BaASIC
BASIC
BnSIC
BASIC
BaSIC
BAS1C
RNQHCRSIc
HCN2ASIC
HOH3NSIC
BASIC
BASIC
3~ASIC
2ASIC
BrSIC
BASIC
HNCHBASIC
BASIC
NGiiDASIC
NOHEASTIC
NOIIDASIC
MIGHTASIC
NOGNTASIC
MCHTABLIC
NONDASIC

STATUS

NGNBASIC
NCHDASIC

NBHBASIC
NOHNEBNSIC
NONBASIC
NGHBASIC

71

ONUMRER OF TIMES HEWTON FAILED TO CONVERGE =

OTIMES STCPSIZE CUT BACK DUK 10 NEWTON FAILURE

32

-%4
72

MM ONOQ

ol

wEwum

P> AN

S8 G2
GT3E-02.
d14L-C2
121F-02
379E-02
LOWERDEND
LCWEREND
LCWLERDND
817€-C2
F75HE-0G3
720E-C3
179€-03:
963E-03.
. F27€6-G3
LOWERLIND
LOWERDRND
OWELREND
LOREREND
wORERLRND

LOWERLMND

r

Y P D) -

1
i
[
g}

r~
M
Ed

DISTANCE
FROM
NEARIZZT
SOUND

FIXED
FIXED
FIXED
FovTh
FoXED
Fi.ED

AVERAGE

6689
44
17

14

I rrroso

rer

e

r

GCO0 2~

>

00GCOL-C
!

. 0000e~T

OGGOCE-CH

DCOOLE~G]

DGOOOE=C)

. OUN00E-C I

00d0E-C L

. COLOGE -Ci
. CO0DGLE-T L
. OG000E-C1

REDUCED
CRADITENT

00000e-01
OGO00E-~01
0000CE~(C1

0 O0000OE-~T1

0000GE~T
0000UE--01

0.8




APPENDIX B: LTMOD program listing.

LiMOD PrOGIKAM

G oOe

MAXMER SETS ThE AMDUIIT OF MENMOSY ULED
PARAMETER MAXMEM = 20000

$INGERT SYSCOMIABREYT

REAL=2C Z(MARMEM)

CUMMOMN /FUDCLS2Z

INTEGER #4 HCORE

INTOCEr#2 IMTILL 3), CQUIFILCEY, INAME (16, QUTHAM (L

INTEGEK=#2 COM=Z (49, CONAFIZOLS)

INTEGER#2 DLEFILE(A), DEFNAITE(LS)

LEGICAL LG:

DATA NCORLC/MAXMZMy

DATA INFILE/ICHINF FiLC/s
DATA CUIFTIL 71 1I4TLTRPUT FILE S
DATA COMEG/10=FeT M FILE/

DATA DEFILE/11iEFINE FiLE /
WRITE(1, 100
100 FCRMAT({ ‘LAND TREATMENY OPTIMIZATICH MODLL
10 LOG=0 VP SACINFILE. INTS(L1G), ASRFAD, IHAME, FNTS(32) . [HTS{1).
* AsVOLD, G, CJ
IF{. NCT LSSy G 721G
15 LOG=0PVPSA(COMIS. INTS(10), atREAD. CONAME, TRTSIR2). THNTZI),
#* AIVOLL, O, O)
IF(. NOT. LGG) GO 7O 15
14 LOG--0PVPIAIDUFILE, TNTS(10) ., ATREAD, DEFNANME, INTS(Z.L . INTS (),
#* A$VOLD, 0. Q)
IF( MOT.LGCS), S0 T4 té
20 LOG=0PVP SA(OUTFIL, INTS(11), ASWIIT, OUTNAM, INTS(3Z: 1t118c2),
* ASOVAP, 0, 0)
IFC NOT. LOG: GO 7O 20
CALL GRG(Z, NCCrRT}
LOG CLOS$A(IIRTZ(Y))
LOG CLOSSA(LINTS{2))
LOG CLOZTEA(INTSISE))
LGS CLOSEACLNTZ(4) )
CALL EXIT
EMD

L L [}

]

SUBROUTINE 5COHF (G, X)
IMPLICIT REAL ~2ia-7)
COMMON/IMNITER/INIT
REAL I(12), P{id), E(12), W(i2), MDPR{12), NI(1D).
* NK(12), DENO12) . CRPOL12), MNUCL2), FINL(12), NCOMO12) 75 (1)
SAVE I,P,E, W, MDR, NI, NK, DEN, CP, MNU, FNL, NCGeL EFF, 747
* 0A, OG, CP
IFCINIT. EQ. O) ¢C TO 20
READ(7. 10> 1. P, E. W, MDR, NI . NiX, DEN, CP, MNU, i"NL. NCOM, EFF, {30Q,
* DA, 03, CP
10 FORMAT(2&5(&F10 &/, 4F10. &)
WRI1TE(S, 12)
12 FORMAT( "PARAMETERS ')
WRITE(&, 1121, P, E, W, MDR, N1, NK, DEN, CP, MNU, IFNL, I.CQHM, EFI-, NCG,
#+ OA, OZ, DP
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C LIMOD PROGIAM

11 FORMAT(2L(1Y, &¥10 &/9, 14, 4F10. &)
20 COMTINUE
DIMENSION G(93), £(89)
C
C STORAGE WATER BALANCE
Cc
GC(1)=X(13)+X(73)+X(2)~-X(13I+(E(I)-P{1))eDMAXI(X(2Y, X(3),
* X{(43), X{(D), X(&), £(7), X(8), X{(D), X(10), X(11),((12), X(13))/DP
G(2)=X(15) X (7D +X(3)-X{2)+(E(2)~P(2))#DMALL1(X(2). ¥(3),
# X{4), X(3), X(H6), X{(7), X(B), X{(D), X(10Y, X(11). X(12). X(13))/DF
C(3)=X(1O)*+ X7 +X(Q)~X (D +(E(D)~-P(I))2DMAXI (X (2), X (],
* X(48),X(5), X{5), X(7), X(8), X{(D), X(10), X(11), X(42), X¢(13))/DP
C(A)=X(17)+X(77)+X(D)=X(A)+(E(A)~P(4))2DMAXL(X(2), X{(3),
* X(4), X{(S), X(A). X(72),X(8), ¥(9), XC(10), ACL1). X (12}, 2(13))/DP
G(S)=X(18)+X(T)+X(E)=X(F)+(E(D)-P{9H))«DMAXI(X(2), X(3),
* X(4), X{Dv, 2{H), X{7), X(B), ¥(9), X(1Q), X(11), X(127, £¢(13))/DP
GUEI=X(1F) v (7N +5 (T ) =K @)+ (E(H)-P(5) ) =DMAXTIX{D), X(3),
* X(8), X(3), X&), £i7), X(8Y, (%3, X103, X(11)}, £012), X¢13))/DP
GC(7)=X(2D) +X (RO)+E(RI=X(TV+(E(T)-P(7))2DMAX1{X(2), ¥ ().
#X(d), XL X&), XUTY, X(8). . X{D), X{1D), X1, X012, X10)) /0P
G(2)=X (2D +XU(BII+X (D =X (B V= (E() ~P(B) ) sDMAYIIX{(2), ()
® X{(4), X{D). . X(&5), A{7), X(8). s (9, XL10}, X1, X(12:. «71L5)/DP
C(R)I=X(2D)+ (2 w1 (10)~L{F +(E(FI=P{D) ) *hMATI (X {2 XD,
# X(8), X(S . {5y, 0(7),X(C), ¥(9), X{103, XC11, ¥i42). « {11 /GP
Ci10)=X(a2 =2 220 aX it IV ~K{10)+=(EC1O)=P(10))2DMAEL (X (DY, X{lD,
*® X(4), Xi(S). L (a:, Xi{7:,X{2). 5(F), X102, X{L11}, X{12). ${14))/DF
GUl1i=X(24)+Xi28) +X{12) =X 1LIVH(ECTIY-PCLIIMY2DMAN I (X (D), X)),
* X{(4), X(5), X (&), X{7), X(F), X(9), X{10), XCL§), X{1z7. a0 14y)/ DV
GUi2)=X(29 ) +X{8S)+X {12V =({ITX)+(E(I2)=P (127 )=DMAX 1 {1 (&), X([t),
® X(A47,X{3), X{(H), X(7), X{T), X (?Y, X100, X(L1 ). X4y, X0C152)/DF
c
C WATER BALANCE AT IRRIGATION SITE
c
CUID)=CSFF{I & (X{L1A)+X(73))+(P{1)=W(1))aX (L )=X (25
G(LlA)=EFF(2)%{X(1S5) e X(7S)V+(P()=LiD))#X ()= (27
CUIDI=EFF(2IR{X(IS) v X(7B)V+(PI) -LI(3) )X (L) =-X(23)
GUIOI=EFF (T % (X{1T)+X(77) 1+ (P{A)Y=LIKA )V 2X{ [ =X(2F)
GII7Y=EFS(S)IL (X (13Y+X(/S) 1+ (P{5) <W(S) I eX{})=X(Z0
GilB)=EFF(S)({X(1I+X(TD) "+ (P(H)=W(S))wX (1) =X (L] -
CULIM=EFF{7 1 8{X(Z0) v X (R :+(P(7)~WIT7) )X (1) =X (T2
G20 =EFF (2V % (X (21)+X (B +(P(QI~W(S)I ) =X (1 =X(2T
C(21I1=EFF () (X(22)+X(S2))+(P()) -Li() )X (1)=%(31 "
CIE2I=EFF(1D) #{ (2 +¥X{(B3 M) +(P(10)-W(10))I X (1) =X -5}
CISTI=EFF(11)2(X{24) X (SI V1 (P(L1L)~W(L1I))a#Xt1)=%:25)
CIR2A)=EFF (12)2#(X(28)+X(ES) ) +{P(12)-W(I2) I =X 1)=-X(J7)
C
C SOIL DRAINAGLE CAPACITY
C

G(25)=MDA(L ) xX (11 =-X(2&)
GC(RO)=MRR(2)#X (1 =X(27)
GC(27)=MDR(3V1«X (1) =X (2Q)
G(23)=MDR(4) xX{1)=X(2?)
G(27)=MER(3)#x(1)-X(30)
G(30)=MDR(H)eX(1)~X(31)
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C LTMOD PROZRAM

G(31)=DPR(THECL 1) =X (T
Gi3Z)=rCiRt 3 eX (1, -X(22)
C(23)=MDR G #X{1)~X (34,
G(IA) =MLt Lo (3 =X {125}
G(3IS)=MLR(L1)*X (1) =X (26)
G(IO)Y=MIR LI 2X (1) =X (3Y)

C

C WITROGEN DBALANCE AT IRRIGATICH SITL

C
G(37)=1. O/FI.{1)=X(hR2)=(1 T-DENCL)Y)
4 B(X(14)2(X{GR1eX 1 2)+X(4F =X (1IN /(i (2)+X (1)) eNI 1) aX(T743)
# 401 O-FHLOIDY  /FALOLID) 24 T3 b eX {15 aX{5Q)
G(33i=1 O/Fidli2)+L(63)=(1 T LON(D)
P o (X(LIS)R(X(I9)aX () FX (2T 2¥(2)) /("
# +(] O-FRL(II)/FNL( ) #4{c2 ) vt ()%

)
(IO X(2)Y+NI2,2X(795)
Iy
G(39)=1 O/FNLI{Z»eX(b64)=-(1 I DEN(3))
1
)

€S1)

(1 +X (3 +HI(31=2X(74)
o)

# #(X(16)2(L30) () rX{2F 2X(T))/(:
* +{(1 O -FHRLIZYY/FILA(D2IsX{sZ)=X(1 )=
G(40)=1 Q. FlLid)~A(mS)={1 7 DIMH(A)
¢ A(X(IT R (A AL} 2X{S) =X {dD a2 8) . Al {A) o NI{G = (77)

2+ (] O-FML2I)/FNML(2) XN/ 22 ) #4051 ax 1820
G(d1)=1 Q/FI T
# #(X(LS)20x 12
# e(1 Q-FMNLI2)S
GidaiTt S ks
Bow(X{IP) XS 2T RN {AD 2 ) (8) ST AXS)Y el {5 e X (7))
2 o+ (1 J-FMN_ S =l (S)€hien: )+ X[ Y~V i50)
GiaZ=1 O/F 4. eX(&6&B)Y -t D-DENCY 1
# #(X{(20)#¢(X {13121 DV PRI =X 1/ {A(BIFX(T) e MICT  aX (BO)
# + (1. O-FNL_ (o) VW /FL (IR0 (LT )X i Dh)
GuadB)=1 SUFELLIDV e (&Y= D DN T
> w(X(D1)2i0{AHIL(P)4+r{33 - 2X D) i {Yi1+X(8) +NI(2 =X(91)

(LY PX {9 1+MI (D i=aa (T
54

= BN

N B

B,
"

2+ (] O-FHIi T /FNL(TYex R RS
G(a5)=1 G /7 lL{ZT)«x(70) -1} ’
T 2 iA(2@) T al36re 00107t {s] VAl eXE ) e Sy 2K (3
* o+ (] O-FMIL_ Z) 3,/ FRL(Bird i e (1 ymd L)
C(ds)=1 O/FiIil iQraX (T - 1 O=Didit1oh)
PR X d @=le R IS AN S bt S S I D B WIS 0 DI I SN S I OVYies 270 30)eX (8D
2 el O=FR T FL (v T Ve (L ST
G(47):1.C N S I
2 +(X{Z4) 3 R A N N ST B e R P

¥+ (1 O FMNLIOY S GFRLUIC 240713t 81 o X0 &0

G(aA3)=1. G/FiL {2, aX{72" 1 O-LEN(123)

LR IO - PR SENITEAE SES N PER SIS S S P B N S R R T TR A I
* +(1 O-FNL LI /AFNLILI Y =X T2y 450y 2X(5))

122)02X(85;

C
G OCOP UPTAKE OF RITRZSEN
C

G(A2)=X {32 -CP (1 yaMU( ]

#oe{]l C-8xr ((=NI{L)2R(Td)-.1 O F{L L2y ) N, =30 70))
# 2(X(QI+XCLT) 0 -0 1 4)

# «(X(3QI 2N )+ dS)eX (1 /X2 +X 1))

# #(X(1)eMRUCTIY) M)

GUS0)I=X(S1 1-(Pi{2 =2MNU(
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C L1MOD PROGRAM

(1. O-EXP({(-MIi2)aX(79)—(1. O FRLCIII/FNL(L:i&X(62))
¢ (X()+X(23)-X(13)

(AU o X (3L X (2I))/7(A(BI+X{T))
w(XCL)eMMNUCEY )Y
G(91)=X(92)-CPiZ)eMNU()
# a1 O-EXP((-NI(2)eX(7&6)—(1. O-FHNIL{2))/FNL(2)&X(&2))
#* 2 (X(4)+X(3)-0(i&)
* #(N(40)#X(I)+X(2Z)aX ()1 /((X(])+X(3))
# (X))

G(S2)=X(3T1--CP(3)=MNUCCI)

# #(1 O-EXP({(=-HI{3)eX(77)=(] O-FNL(3))/FNL(3)xX(64d))
2 #(XCS)+X(Ei)Y=5(17)
# #{(X(41)aX(D)+W{(30)=X(3)) i/ ((X(D)+X(4))
# #(X(L)aMrapcAY YY)

G(53)=X{(5+)--CP(9)+MNU(S;
# #01. O-EXP(((=NI(9)=X(73)—{1. O-FHL(4))/FNL{A)®X(£5:)
# B(X(HI+X(D))-L(12
# #(X{I2)2X{A)+X(31)»A(S)I) Vv { (X (&E)+KX{D))
# (X (L)AaMIuiDY YD) ))

G(94)=X(55) -CP (&) «MNU(A)
2 #{] O-EXP{((-NI(&5)sX(72V=01 O FMNL(S)Y)/FNLL(DixX{&s1)
# #(X(T)+X(S5))=X{17)
# (X ()X (T)+X(dD)#X(EIVY A ((X(7)+X(H))
# #(X(L)#MNUILYIY Y

G(35)r=X(59)-CP(7)=MMNU(T)

* #(]1 O-EXP({(~NI{(7)=xX(ROIY=(] O=-FNL{(S)I/FNL(&)2ZiaT)
#* #(X(BI+X(T)) =X (2D)
* #(X(43)AX(SH+X(AT)#XL(T7) ) : /7 CIX(B)Y+NLT))
# #(XL)&EMNUCT YD)

G(28)=X (571 --CP{Z=MNJ(E)
# #(1 O-CEXF{{ (=NI{(D)#X(Ji1-(1 O~FNL(7))/FNL(7)#X(&8))
# 2iX(FP)+L (T} -L{21}
a ®#{(X(A5)# {3+ {33V wZ(R)) )/ ({X(FI+X{82))

# (X (L)#MiU Y vy

G(57)=X{52) -CP{F)aMNU(T)

# (1 Q-EAP{{(-MNI{F)4L(6)~{1 O-FHNL{E))/FNL(B)»&X (&%)
# «(X(1Q)+x =)0 -¢:22)

= (X (3H =2X{ 10 = a0)#X (D) )V /({X{LITI+x(F))

2 e (XY AMNUIDYY Y &
GUESIEXIGT I ~CRi 1Dy shMU TG

 2(] O-EXP. i (-{iJ {10y 2X{R2: {1 C-FNL(?))/FNL{?)«X(7D))

* ¥ ¥

# 2 (X(11)+X 1)) --x(23) h
¥ (X{d7V2X {1 ielidH)aX (LG )/ ((X{1L)+X(10) |
® (X L)eMMUILIDIINY)

GiSII=X(H0 -CP(11)#MNUCIL? l
¥ (] G-EYPi(-NT 1 aXeGd =1 O-TNLOIOY)/FNL{ITOY#X{/1))

* 2 (X(12)+X (1 1))=X(24)

#* #(X{48)#x{ [+ Xi37)4X {11V )/ (XUL2)4X (1))

# #(X(1)eMNUCIT1Y))))

G(L0)=X(51,-CP(12)eMNU{I2)

*# (1] O-EXP{{(=NI(12)#X(85)—-(1. 0=-FNL(11))/FNL{11)xX(72))
#(XCL3I+XCLT) ) -X(25)

#(X(3P) X (1) +X (3B eX (12 )) /(X1 +X(12))
#(X(L)RMNUCLI2)))))

LI 2R 2 4
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p
! C L1MOC PROSIGN
:
: C
C NITROGEN BALANIE IMN STURAGE
[of
G(HL1I=X(T38)2X(2)-%(49) 2L (13)+X(14)=(X()*X(2)+X(4FP)aX(13))
B /(X(2)+X4C13))+ SeNK{1)&(X{(IUB)#X(2)+X(49) X (13))+NI(1)&X(74)
C(H2)=X(25)#X () —L(33)#X (21 +X(1S5) = (L (39)#X(3)+X (38X (2))
® /(X(3)rA T+ SENK(2)# (X (23X () +X(T) X (3))+NI{2)#X(7D)
GUER)=X(G0)2X(8)=-X(39)#X (3 +rX(1A)# (X(30)#X(d;+X(39)+X(3))
# [{X(D)+XLG3 )+ F2NK(3) (X 30)2#X(A)+L(TP)#X(3))+NI3) L (75)
G(Ed)=X(3112X{5) =4 (40) =X (34X (17 #(X(41)*X(S)+X(d0;&X (1))
# /(X(F)+X {1+ SerK(d) 2 (X 30)#X(3)+X(41)#X(S))eNI(3)exX(77)
G OESA=X(A42)2%(5) =X (41 )X (S)+X{ 81 # (X (42)aX(6:+X (31 iaX(9);
# /(X{E)I XS+ SAMK(D)#{ A4 )aX(D)+X(A2)#X(6) ) +MNI{3)#X(73)
G(ELE)I=X(A2) =X {(TI=X(82) e X (L1 4K (1) R (L (43)#X (7 +X{(d42132X(&))
* J(X{7)+KhI)+r 9=NK(S) (X (33)#X(7)+X(42) X (&) I+NI(&)#X(77)
v, G(E7)=X(3A =X (S)=X(43)2X (71 +X{(20) = (L (44)uX (G +X(AT)=X (7))
j # /UX(8)+X(Ti1)+ SaiK(7)#{A{d4)aX(E)+X(43)#X (71 )+HI7)eX(380)
GUEB)=X{4Si=X{D)-3(44) =X (2 t£{21)12(X(43)#X (G +X (43X (0))
# /(X(D) {2+ SaMK(B)=(X 29)eX(Q)+E(424)#X (B )+NI{8)=X(2])
G(EI=X(2&: =0 {101=X{(45)=#x Q)+ (D22)#(X(dH)=2X{10)+X{d5;xX(F))
# /(XO10Y+X(D))+ SaNK(Z)2(2iaA5)#X(Q)+X(4H)2X {10+l (95X ({12
G(70)=X{27 12411 1=X(48)%X:10)+X (2312 (X{(47 #0111 +%745:.4()02)
# /(XC1I)+X(10) 1+ SENK(IG) X (A7) #X{11)+X(4&Y=X (10 )N (10) 2X{53)
Gi71)=X(A482X{121=X{(47) =% 11)+X{24)#(X{AQ1uX{J2y+X{47)«X{11))
# /(XCL2) XL 1) e, SENK(LS i 2 X{A8)2X (123 +X (A7 =11 4NI(11)=+7(83)
G(72)=X(49:=X(13)=X{(30) & 127 +X{(R9) e (A{I9)# {131+ (AR =X (]12)
®* /XL X1 )+ ORNK(LIZ (X (48 #X {1 +X(4972X (131 YeNI(12)#X(33)
C
C NITROCEN CONC. IN FERCOLATE CCHSTRAINT
C
G(73)=NCA# (X (26)+X (27 ) +X(Z8)+X(27)
* +X(30)+X(31) +X(32) +X(33)+X(34)
# +XIAD)I+A(TO) +X{B7) I =X (LD +X (L) +X(6A)
* +X{69)+X(EH)+L{ATI+X(H8) =1 (49)
* +X(70)+X(T1)+X(T72)+X (733
C
C MONTHLY GUALITY OF PERCOLATE COMSTRAINTS
C
G(74)=NCaM (1) =X ({Z5) =X (&2)
GU79)iCOGMI2YaX{Z7 )=k (63)
G(76)=NCAM{3)2((28)-X (&4
G(77)=NCari{d)=+X(29)-X(&S
G(78)=NCGIH{S)+X (3D =X {(H&)
GC(79)=NCGM{S) rX(3L1)~-X(&7"
G(BOI=NCAM{T)I 2L (22} =4 (62
GC(31)=NCGMI2) 24 (33)-X(&F)
G(32)=NCOM{F) =X (24)=X (7O
G(83)=NCAM((CI2X(35)—=X(7 1)
G(2A)=NCOM( ! 1Y=eX(36) -X{(7
G(85)=NCGM{ () 2#X(37)=-X(72)
C
C OBJECTIVE FUMCTICN
C
G(86)=20A+X{ { ) +OB*DMAX1 (X (21, X(3), X(4), X(D), X(H),
37
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2 X072, X(S), 431, 2¢10), 401y, X412))
MITROCEN REMOVELD 1IN STCRAGE

G(87)= LaNK{1)a(X(28)eX(2)+X (472X (13))
+. S5aNA(2)2(X(3)2X()+X(23)#X())
ORI # (X (40)4X(3)+X(3F)#X ()
L SeNK(G) # (X(4114X(S5)+X(40)%#X(4))
CORMU(9)# X {42) X (H)+X(41) %X (D))
DR IAY 2 (X (A3)2X(T7)+X(33)#X(6))
CORMNI(7) 2 (X (33:2X(8)Y+X(43)a4X (7))
CO#NK(B)# (X (3D)2X(9)+X(Ad)#X(B))
CSRNK(F)+i X (461X {10)+X{a5) *#X(F))
S#NK (L0 #(X{a7;#X(11)+X(46)%X{10))
CO#NK (1) 2(X{48:#X{12:+X¢4738X(111)
CSANK(L2)#(X{d9:18X(131+X(48)%X(12))

R K KB K & % E X &
IR I AR S

PERCENTAGE GF NITROGEM REMOVED IN STORAGE
G(8B)=C(B7) /(NI (L) *I(1)+NI(2)¥I(2)+NI (D *#I () +NI (4 %] (4)
* +NI(S)#I (91 +NI(5) 21 (&S)+NI(7)#1(7)+N1(B)%](B)
# +NI(PI=2]{FI+NI{1O)#T(10)+NI( 1) 2T (1L)+NI(1I2)#](12))
NITROGEN REMOVED BY CROP(S)

G(B?)I=X(1 ) ={X{301+X(H11+X{TF2I X (DI +X{(54)+X(5H)
# +X(DH)+A(TTI+X(SC)I+L(SP) +X(30)+X(&61))

PERCENTAGE OF NITROGEN RCFMOVED BY CROP(S)
G(R0)=G{8) /(NI(1#I(1)+NI(2)*I(2)+NI(2)#I(3)&«NI(d,%]J(4)
* +MI(SIRI(SI+NI(O)I#I(H)+NI(7)I#I(7)+NI(E)#](8}
# #NI(D) I () +NI(10)=I(10)+-NICIL1)#I(IL)+NI(12)#I(12))
NITRGGEN REMQOVED IM SYSTEM
G(?11=G(87)+3(8F)
PERCENT OF NITROGEIN REMOVED BY SYSTEM
G(FP2)=G(R1) /(NI(1IeT (1) +NI(2)I(2)+NI(3)#I(3IENI(G)#1(A)
# +HI(S)2T(5)+NI(E)#I(EHIANT(7) 21 (7)+NI(B)*]IT)
# ANI(D)#TI(+NIL10)#1(10)+NIC(LL) I (F1)+NI(1I2)=I(12))
MAXIMUM WEEKLY APPLICATION RATE
G(93)=DMAX1(X(14), X(15), X{1&8), X(17),X(18), X(19),

* K(20), X(21)+X{227 +X(2B) +X(28)+X (29) )1/ (X (1) *3.  3)
END
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